Summary: To examine the relationships between brain glycolysis, ion transport, and mitochondrial reduction/ oxidation (redox) activity, extracellular potassium ion ac tivity (K + 0) and redox shifts of cytochrome oxidase (cy tochrome a,a3) were recorded previous to and during su perfusion of rat cerebral cortex with the glycolytic inhibitor iodoacetic acid (lAA) . IAA produced oxidation of cytochrome a,a3' increased local oxygenation, in creased K + 0, and, in response to neuronal activation, slowed rates of K + 0 reaccumulation. Rates of rereduction of cytochrome a,a3, after the oxidation of this cy tochrome by stimulation, were also slowed by IAA.
The relationships between ion transport and en ergy metabolism are central to brain physiology and may be critical to describing damage produced by metabolic insults such as anoxia or ischemia. Evidence for the tight coupling of metabolism and ion transport occurs throughout a range of physio logical conditions in brain. For example, neuronal activation is accompanied by transient increases in local blood flow (U rbanics et aI., 1978) , enhanced mitochondrial activity (signaled as increased oxida tion of the electron carriers of the respiratory chain) (Rosenthal and J obsis, 1971; Lewis and Schuette, 1975; Lothman et aI., 1975; Mayevsky and Chance, 1975; Jobsis et aI., 1977; Rosenthal et aI., 1979) , and increased oxygen consumption (Lewis and Schuette, 1976) , which occur in propor tion to increments in extracellular potassium ion activity (K+ 0) (see also Astrup et aI., 1981) . Con versely, ion homeostasis is rapidly lost during in-
These effects of IAA demonstrate the dependence of K + 0 reaccumulation on the integrity of glycolysis, support the concept that active processes are involved in brain ion transport, and suggest a link between ATP supplied by glycolysis and ion transport activity. These data are also compatible with the suggestion that residual dysfunctions after brain ischemia result from derangements in glyco lytic functioning rather than from limitations in oxygen availability or oxidative metabolic activity. Key Words: Cytochrome a,aJ-Glycolysis-Iodoacetate-Ion trans port-Metabolism -Potassium.
suits to metabolism such as produced by anoxia or ischemia (for review and references, see Hansen, 1985) . Much emphasis has been upon the role of energy derived from oxidative processes for the support of ion transport since oxidative metabolism accounts for the major fraction of ATP produced in normoxia. However, a direct link between glycol ysis and ion transport has been suggested in brain slices (Lipton and Robacker, 1983) and in other in vitro preparations (Proverbio and Hoffman, 1977; Paul et aI., 1979; Mercer and Dunham, 1981; Weiss and Lamp, 1987) and it is toward examination of the relationship between glycolysis and ion trans port activity in intact brain that the present report is directed.
Brain's reliance upon the glycolytic, as well as the oxidative, metabolism of glucose is well known since alternate substrates and pathways do not have significant function in this tissue (Siesjo, 1978) . Potential rate limitations of glucose metabo lism include blood glucose concentrations, brain blood flow itself, glucose transport from the vascu lature into brain cells, and the glycolytic rate. The role of glycolysis in brain has been studied predom inantly by limiting the supply of glucose, mostly by hypoglycemia, which produces suppression of EEG activity, loss of K + 0 homeostasis (Astrup and Nor berg, 1976) , and decreases in metabolic interme diates (Lewis et aI., 1974a, b; Agardh et aI., 1978) . Hypoglycemia-induced suppression of brain ac tivity, with normal oxygen consumption and con centrations of creatine phosphate and ATP (Ferren delli and Chang, 1973; Lewis et aI., 1974a,b; Dirks et aI., 1980; Vannucci et aI., 1981; Ghajar et aI., 1982) , provide additional support to the suggestion that glycolysis is necessary for the continued func tioning of brain cells. Hypoglycemia also produced oxidative shifts of mitochondrial electron transport carriers in brain J6bsis, 1983, 1986 ) sim ilar to the decreased reduction/oxidation (redox) ratios recorded when substrate supply was limited to isolated mitochondria (Chance and Williams, 1956) .
Goals of the present study were to define mito chondrial and ion transport effects of glycolytic in hibition produced by the superfusion of brain cortex with iodoacetic acid (IAA). We report here that IAA produced oxidation of cytochrome a,a3' increased local oxygenation, increased K + 0' and, in response to neuronal activation, slowed rates of K + 0 reaccumulation. These effects demonstrate the dependence of K + 0 reaccumulation on glycolytic activity and suggests a link between ATP supplied by glycolysis and ion transport in brain. A prelimi nary report of these findings has been presented (Milito et aI., 1986) .
METHODS
Measurements were made in 30 rats of either sex (Wistar strain, 300-350 g) anesthetized with sodium pen tobarbital (Nembutal) (50 mg/kg) injected intraperito neally. Anesthesia was supplemented intravenously, as required, throughout surgery and experimental proce dures to maintain systemic blood pressure at constant levels compatible with surgical anesthesia. Catheters were placed in a femoral vein for administration of drugs and in both femoral arteries. One arterial cannula was used for continuous monitoring of systemic blood pres sure. The other was used for taking samples of arterial blood for analysis of pH, Pac02, and Pa02. Animals were intubated and then paralyzed with d-tubocurarine (5 mg/kg i.p.), which was supplemented as required throughout surgery and experimentation. The animals were ventilated with a mixture of 30% O2 and 70% N2 through a positive pressure respirator (Harvard Appa ratus Co.). Respiratory rate and stroke volume were ad justed to maintain blood gas values within normal limits (Pa02 above 110 mm Hg, Pac02 between 35 and 45 mm Hg, and pH between 7.35 and 7.45). Arterial blood gas samples were taken during surgery and at intervals throughout experiments. These samples were analyzed with a Radiometer Copenhagen ABL30 acid/base gas an alyzer. Body temperature was sensed with a rectal ther-J Cereb Blood Flow Metah, Vol. 8, No.6, 1988 moprobe and maintained around 37.SOC with an electric! hot water heating pad.
Rats were positioned in a three-point headholder and the skin and muscle overlying the midline of the skull were retracted to the level of the cisternum magnum, which was exposed and incised. A wick was inserted to drain CSF to reduce intracranial pressure and avoid edema, An area of the skull �4 x 6 mm between the lambdoid and the bregma sutures, to one side of the mid line, was carefully thinned with a hand drill and dental burr bit until the skull flap was removable with a jew eler's forceps. Hemostasis was achieved with Gelfoam (Upjohn). Small cuts were then made in the dura with a needle, These cuts were carefully expanded with scissors and the dura retracted to permit penetration of microelec trodes into the brain tissue. The brain surface was kept moist by superfusion with saline or artificial CSF solu tion. When required, the superfusing solution was re placed by one containing IAA (2-6 mM), There were no differences among data derived with saline or artificial CSF solutions.
Brain tissue oxygen tension (tp02) was measured with polarographic microelectrodes manufactured as de scribed previously (Kreisman et aI., 1979) . These elec trodes were calibrated in saline equilibrated with air and in Po2-zero solution (Radiometer Copenhagen) prior to their use in animals and recalibrated after each experi ment. Before its use for calibration, the Po2-zero solution was bubbled with 100% N2 for at least 30 min and until a reliable baseline was obtainable.
Extracellular potassium ion activity was measured with liquid ion exchanger microelectrodes produced from double-barreled glass tubing (Sick et aI., 1982) . In brief, the terminal 200 to 400-J.1m portion of one glass micro pipet was made hydrophobic by silanization with tri-N butylchlorosilane. This pipet was baked at 200°C and a 300-to 800-J.1m column of Corning ion exchanger (477317) was introduced into the terminal portion to make it potas sium sensitive, The electrode was backfilled with 0.1 M KCI. The other micropipet was filled with 0.15 M NaCI and was used as a reference. To tal tip diameter of the electrode pair was 2-6 J.1m. The paired electrodes were implanted � 100 J.1m below the cortical surface at the ap proximate center of the field of optical measurement. The reference microelectrode was used to monitor local DC potentials that were electronically subtracted from the signal obtained from the K + -sensitive microelectrode to yield an electrical potential that varied with changes in potassium ion activity. This difference signal (EK+) was displayed on a chart recorder. The activity of K + 0 was calculated from the EK+ by reference to a standard cali bration curve obtained with artificial CSF solutions con taining varying concentrations of potassium. EEG ac tivity was monitored from the electrode used as reference for the K + 0 signal with reference to a silver-silver chlo ride electrode placed in the neck musculature. This voltage was amplified, filtered (3-30 Hz), and displayed directly on the chart recorded.
Electrical stimulation of tissue under optical observa tion was provided at a constant voltage through a stim ulus isolation unit. This stimulation was delivered through a pair of stainless-steel electrodes of �0,25-mm diameter and separated by 2 mm, These electrodes were positioned onto the tissue surface in the approximate center of the field used for optical monitoring and within � 1 mm of the K + -sensitive microelectrode. Stimuli were presented as trains of rectangular pulses, 2 s in duration, at 20 Hz with each pulse having a duration of 0.5 ms. The voltage of stimulation was varied as required but care was taken to keep stimulus voltage below the threshold for producing spreading cortical depression. Such stimu lation provoked graded elevation of K + 0' the amplitude of which was dependent upon stimulus strength. Quanti fying the reaccumulation rate of K + 0 required measuring the time taken for K + 0 to decay from its peak amplitude to one-half of this value or to its original baseline. The calculation was accomplished by converting the entire transient K + response to digital form with a digitizing tablet (Bitpad). Each point was converted to its value of K + by solving the following equation for K:
where A is a system constant that accounts for electrode tip potentials and amplifier DC offsets, B is the slope constant, K + and Na + are the potassium and sodium ion concentrations, respectively, and c is the selectivity coef ficient of the ion exchanger for sodium. Curve-fitting rou tines were employed to obtain the "best" values of A, B, and c for known values of K + and EK +. The equation was solved for K + , which was estimated for all values of EK +. Since decay times for K + 0 varied with the increment of K + provoked by stimulation, a range of stimulus inten sities was used. The slopes of the regression lines relating amplitude with decay times for control and experimental conditions were compared by analysis of covariance.
Changes in the redox status of the terminal member of the mitochondrial respiratory chain, cytochrome c oxi dase (cytochrome 0,03)' were measured by dual-wave length reflection spectrophotometry at 605 nm with refer ence to 590 nm as described previously (Jobsis et al., 1977) . Specific instrumentation has also been described (Duckrow et al., 1982) and spectral analyses have estab lished the adequacy of compensation for potential arti facts in the optical traces due to changes in hemoglobin content and oxygenation (J obsis et al., 1977; LaManna et aI., 1987) . Redox shifts were presented as percentages of full-scale light levels with the system calibrated at the be ginning of each experiment in the following manner. The zero point was defined with an arbitrary but fixed inten sity of light illuminating the cerebral surface at 590 nm in the absence of light at 605 nm. The 100% value was de fined by adjusting the intensity of light shining upon the cerebral surface at 605 nm so that the amount of light reflected from the tissue at 605 nm was equal to that at 590 nm.
RESULTS
Steady-state effects of IAA Figure 1 illustrates typical effects of IAA on baseline levels of tpo2, K + 0' the redox ratio of cy tochrome a,a3' and electrocorticographic (EEG) activity. Within � 15 min of cortical superfusion with IAA (2 mM), tpo2 increased and, nearly simul taneously, cytochrome a,a3 became more oxidized. K + 0 was not significantly changed by this low IAA dose but some increase was noticed at 4 and 6 mM IAA (see Table 1 ). Further increases in oxidation of cytochrome a,a3 and in tpo2 were also noted at these higher IAA doses. There was a consistent diminution in the amplitude of the compressed EEG signal especially with 6 mM IAA. Figure 1 illustrates an additional effect of IAA that occurred in 9 of 30 rats and complicated fur ther investigation in those animals. In those rats, higher doses of IAA (4-6 mM) provoked the spon taneous occurrence of a spreading depression-like regenerative efflux of K + to very high (50-80 mM) levels. In control animals, spreading depression was sometimes provoked by direct cortical stimula tion of suprathreshold intensities. Such spreading depression episodes were accompanied by in creases in tpo2 and oxidation of cytochrome a,a3' Those responses to spreading depression were in contrast to decreases in tpo2 and shifts toward re duction of cytochrome a,a3 that occurred during IAA-provoked spreading depression-like events. In eight of the nine animals in which this spreading depression-like event was provoked by IAA, re ductive responses of cytochrome a,a3 were tran sient and were followed by increased oxidation and then recovery to baseline. Unlike in spreading de pression or anoxia, EEG activity was not fully sup pressed during this IAA-induced event, which may indicate that IAA effects did not spread to all cor tical layers or to subcortical regions. Whenever this IAA-provoked, spontaneous spreading depres sion-like depolarization occurred, subsequent data were not included in evaluation of either steady state effects of IAA (Table 1) or responses to neu ronal activation (see below). It was to avoid this spreading depression-like event that IAA doses above 6 mM were not employed in these studies.
Effects of IAA may be contrasted with those produced by terminal anoxia, which are also shown in Fig. 1 . During N2 inspiration, K + 0 rose slowly until an apparent threshold was reached and then it rapidly reached maximal values. This rapid in crease in K + 0 occurred after suppression of EEG activity and after a maximal level of reduction of cytochrome oxidase was attained. However, ter minal anoxia sometimes was accompanied by re duction of cytochrome a,a3 that was less than that expected from responses to a short period of N2 in spiration prior to IAA superfusion. This decrease in response amplitude may reflect decreased input of reducing equivalents caused by the IAA-induced block of glycolysis. Therefore, it was not possible to quantitate redox shifts of cytochrome a,a3 as percentages of labile signal (e.g., Sylvia and Ro senthal, 1978) and only the percentage full-scale measurement is used in Table 1 .
Ta ble 1 defines IAA effects on the baseline redox status of cytochrome a,a3' K + 0' and tpo2• Values are expressed as means ± SEM. IAA produced shifts toward oxidation of cytochrome a,a3 in all animals. These oxidative responses were considered significant at each dose by Student's t test evalua tion. This test was used since zero values were at tributed to the control situations. The dose-depen dent increases in tpoz produced values that were also significantly different from control even at IAA concentrations of 2 mM. K + 0 was increased signifi cantly only by 6 mM IAA. Values of tpoz and K + 0 were evaluated statistically by use of the Duncan new multiple range test (Duncan, 1955) . In animals in which perfusion with IAA provoked the massive release of K + that resembled spreading cortical de pression, only data recorded previous to this re sponse were included in this 
5.4 6 ± 1.80a 2,76 ± 0.3 6 42.25 ± 7.71a (n = 7) (n = 7) (n = 5) IAA4 mM 8.54 ± 2.00b 3.47 ± 0.50 54 .2 6 ± 6.62b (n = 7) (n = 7) (n = 5) IAA 6mM 9.94 ± 2.62a 5.08 ± 0.69a 56.09 ± 8.44b (n = 6) (n = 6) (n = 4)
Values are means ± SEM, n = no. of animals. Control data were recorded during superfusion of cerebral surfaces with sa line. Redox shifts of cytochrome a,a3 are expressed as per centage of full scale (see text) with increasing values indicating shifts toward oxidation.
a Different from control (a = 0.05). b Different from control (a = 0.01).
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IAA effects on responses to neuronal activation
Effects of IAA also became evident in responses of K + 0 and cytochrome a,a3 to short (2 s) trains of direct cortical stimulation. Typically, such stimula tion provoked increases in K + 0 and shifts toward oxidation of the cytochrome (e .g., LaManna et aI., 1987; Fig. 2) . In studies here, such responses were recorded under control conditions and after new steady states of cytochrome a,a3' tpoz, and K + 0 were reached after onset of IAA superfusion. In control conditions, reaccumulation of K + 0 from the extracellular space was rapid and there was often an "undershoot" of the K + 0 to below baseline values (e.g., Heinemann and Lux, 1975; Kriz et aI., 1975) . Figure 2 demonstrates that IAA-induced in hibition of glycolysis slowed reaccumulation of K + 0 following stimulation and that "undershoots" were not observed at high IAA doses. Careful ex amination of the effects of IAA on stimulus-evoked K + 0 responses suggested that reaccumulation rates were amplitude dependent and that IAA differen tially influenced the early and late components of a multicomponent process. To gain insight into these components and to determine whether the IAA in fluence on K + reaccumulation was dependent upon the K + 0 "load" after neuronal activation, it was important to evaluate whether effects of IAA were greater in the first (see Fig. 3 ) or second (see Fig. 4 ) portions of the K + 0 recovery period.
Under control conditions and during superfusion of IAA, times to half-recovery of K + 0 (T'12 off) ex hibited a slight amplitude dependence (Fig. 3) . In these and subsequent plots of K + 0 and cytochrome 
points for control and IAA data were added to each scale to represent baseline (no stimulation) condi tions. Analysis of variance of the regression coeffi cients over groups confirmed that IAA slowed T V2 off values compared with control (F ratio = 47.9; P < 0.0001). The later portion of K + reaccumulation was ex amined by comparing intervals between half-re covery (TV2 off) and fun recovery (T) under control conditions and during superfusion with 5 mM IAA (Fig. 4) . These data are derived from the same six animals as examined in Fig. 3 . Control times were amplitude dependent as were times recorded during IAA superfusion. Analysis of variance of regres sion coefficients over groups confirmed that IAA significantly slowed the T)-T'12 off times (F ratio = 18.89; P < 0.0001).
To determine whether the IAA effect on K + 0 reaccumulation is greater in the first or second half of the recovery period, it was necessary to deter mine whether IAA slowed T V2 off values to a greater extent than it slowed T)-T'12 off times. This was ac complished by comparing regression coefficients of the relationships between these times (Fig. 5) , which were significantly correlated under control
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conditions and during 5 mM IAA superfusion (data from the same six animals as depicted in Figs. 3 and  4) . Analysis of variance of regression coefficients over groups showed these lines to be significantly different (F ratio = 6.2; P < 0.005), indicating that IAA had a greater slowing effect on the early por tion of K + 0 reaccumulation.
Responses to direct cortical stimulation depicted in Fig. 2 suggest that cytochrome a,a3 activity is also influenced by IAA. Rereduction times of cy tochrome a,a3 were of special concern because IAA-induced slowing would be compatible with in hibition of reducing equivalent supply to the respi ratory chain and because such slowing was charac teristic of the effects of cerebral ischemia observ able during subsequent reperfusion (Duckrow et al., 1981) . Times to rereduction were measured from peak oxidation to half-recovery of the base line redox level of this cytochrome ( TV2 off) ' As shown in Fig. 6 , rereduction times were dependent upon the amplitudes of the provoked oxidative re sponses under control conditions and during super fusion of IAA (in four animals with 5 mM IAA and in two animals with 6 mM IAA). Analysis of vari ance of regression coefficients confirmed that IAA .... .. . .. ·�n� /.
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- significantly slowed rereduction of cytochrome a,a3 following neuronal activation (F ratio = 8.55; p < 0.0005). Although times to peak cytochrome oxidation were also linearly related to the amplitudes of the
• 10 oxidative shifts under control conditions and during IAA superfusion (r = 0.683; p < 0.001, and r = 0.439, p < 0.05, respectively, in the six animals de picted in Fig. 6 ), analysis of variance of regression lines over groups indicated no significant differ ences due to IAA (p > 0.05).
DISCUSSION
lodoacetate is an inhibitor of sulfhydryl enzymes and is known to block glycolysis by inhibiting the activity of glyceraldehyde-6-phosphate dehydroge nase (e.g., Cori et aI., 1948) . When brains were su perfused with IAA, there were dose-dependent in creases in tpo2, cytochrome a,a3 became increas ingly oxidized, EEG activity was diminished, and there were small but significant increases in K + o. Such changes were consistent with expectations from previous studies of hypoglycemia and confirm that the effects produced by IAA are associated with inhibition in the supply of reducing equiva lents to the respiratory chain. For example, oxida tion of cytochrome a,a3' shown here to be pro duced by IAA, is compatible with observations that depletion of substrate to isolated mitochondria pro duced a "state 2" condition characterized by oxi dation of all mitochondrial electron carriers (Chance and Williams, 1956) and that hypoglycemia in brain provoked oxidation of NAD Jobsis, 1983, 1986) . Previous studies also showed that hypoglycemia increased tpo2, which was as-sumed to be due to increased microflow (Krolicki and Leniger-Follert, 1980) . Direct cortical stimulation produced oxidative shifts of cytochrome a,a3 and increases in K + 0 that varied with stimulus intensity. Rates of cytochrome a,a3 oxidation were unchanged but rereduction of this cytochrome, and reaccumulation of K + , were slowed by IAA. The IAA-induced slowing of K + reaccumulation following neuronal activation was greater in the first half of the recovery period than in the second half. This suggests that K + reaccu mulation is a process with multiple components and leads to speculations that (a) sensitivity to IAA varies with K + 0 and that reaccumulation of K + de pends upon the K + 0 "load" at each instant after neuronal activation; (b) there are two K + transport systems with differing sensitivities to inhibition of glycolysis (a mechanism for this could be if neurons predominantly maintain K + 0 at baseline while as trocytes, with greater dependence on glycolysis, share responsibility to reaccumulate K + 0 after ac tivity); or (c) there are two ATP pools and that ATP from oxidative phosphorylation predominates in maintaining K + 0 at baseline while K + reaccumula tion is more dependent upon ATP fr om glycolysis.
Present data obtained from intact brain support the hypothesis that brain cells specifically require 20 J;. • . � . .
• J;. . glycolytic activity for functions independent from its supplying of reducing equivalents to the intrami tochondrial electron carriers for the oxidative pro duction of ATP (e.g., Lipton and Robacker, 1983) . Previous evidence for this includes findings that (a) hypoglycemia produced behavioral and EEG ef fects without decreasing concentrations of high-en ergy intermediates (Ferrendelli and Chang, 1973; Lewis et aI., 1974a,b; Dirks et aI., 1980; Vannucci et aI., 1981; Ghajar et aI., 1982) ; (b) electrophysio logical depression occurred in vitro, without changes in ATP, when glucose was replaced by py ruvate (Winkler, 1981; Cox and Bachelard, 1982) ; and (c) ATP generated by glycolysis is required for K + 0 stimulation of ion transport in hippocampal slices (Lipton and Robacker, 1983) . A link between ATP from glycolysis and ion transport was also proposed in smooth muscle cells (Paul et aI., 1979; Paul, 1983) , in red blood cells (Proverbio and Hoffman, 1977; Mercer and Dunham, 1981) , and in isolated cardiac myocytes (Weiss and Lamp, 1987) . Our preliminary observation that cerebral superfu sion with 5 mM IAA did not decrease high-energy intermediates (Milito et aI., 1986) further supports a direct link between glycolytic ATP and ion trans port. Whether this putative link results from limita tions on diffusion of ATP, membrane compartmen tation, or specific receptor-mediated preferences such as by ATP-sensitive K + channels (Weiss and Lamp, 1987) remains to be determined.
It has been a long-term goal of our laboratory to define the dysfunctions of electrophysiology, ion transport, and mitochondrial redox activity that occur despite restoration of blood flow after cere bral ischemia since these dysfunctions may prolong and exacerbate the effects of ischemic insults (e.g., Duckrow et aI., 1981 Duckrow et aI., , 1983 Raffin et aI., 1988) . Such residual dysfunctions include (a) hyperoxida tion of the mitochondrial electron carriers, (b) con tinued EEG suppression during the period of mito chondrial hyperoxidation, (c) prolonged oxidation of cytochrome a,a3 in response to neuronal activa tion, and (d) slowed reaccumulation of K + 0 incre mented by stimulation. Additional impetus for the present study was derived from reports that reac cumulation of K + 0' incremented spontaneously or in response to bicuculline-induced seizures during incomplete ischemia, was slowed as ischemia be came increasingly severe (Astrup et aI., 1979) . It might be expected that the lack of oxygen might be an important factor in inhibiting ion transport in brain. However, we previously found that even se vere hypoxia did not retard K + reaccumulation after neuronal activation (Milito et aI., 1988) , which suggested that ion transport dysfunctions after isch-emia may result from derangements other than those to oxidative metabolism.
Data here demonstrate that effects of glycolytic inhibition parallel those observed following brain ischemia. During glycolytic inhibition or after isch emia, mitochondrial electron carriers were hyper oxidized, tpo2 was elevated, and K + 0 reaccumula tion was slowed in both circumstances. Rates of oxidation of cytochrome a,a3, in response to direct cortical stimulation, were unaffected by ischemia or by glycolytic inhibition, but the subsequent rere duction of this cytochrome was slowed in both con ditions. Since oxidation rates are dependent upon the rate at which ADP is made available to the re spiratory chain via Na+ ,K+-ATPase (Rosenthal and LaManna, 1975) , it is unlikely that ischemia or glycolytic inhibition influences this activity. How ever, the hyperoxidation of cytochrome a,a3' and the slowed rereduction of this cytochrome fol lowing neuronal activation, could be due to limita tions in the supply of reducing equivalents to the respiratory chain, although it cannot be ruled out that the slowed rereduction of cytochrome a,a3 after stimulation may result from the prolonged de mand upon metabolism caused by retarded clear ance of K+ o.
In summary, these studies demonstrate the de pendence of K + 0 reaccumulation on the integrity of glycolysis, support the concept that active pro cesses are involved in ion transport, and suggest a link between AT P supplied by glycolysis and ion transport activity. These data are also compatible with the suggestion that residual dysfunctions after ischemia result from derangements in glycolytic functioning rather than from limitations in oxygen availability or oxidative metabolic activity.
